- Jan. 3,.1939. ' J. R. GASTON 2,142,188

PROTECTIVE BUSHING FOR ELECTRICAL APPARATUS

Filed Dec. 2, 1936 6 Sheets-Sheet 1

77
76 % 7
75 2
25

874
g

Ny
N
N

LTI

SO\

N
Xa
RN
Sty
3
AY

57 v\’ 7 fiii
7 £\
., JOz4
rorsutodbone .

I
o) JZJ /I \ 3 2 .
T Ha0> 72 T 7T
1 20777 msuliitsie

7 iz = /\
sroud 7 {//é_;u;_g%
4 . T g§>§>ﬂ>\>§<§l
7 Z A . il Jé’%ef/ W]

ALY
Z\\\\\\\M

\: N\
’ l,m:;;\\<
Y Vi

N
! T
o+ MRS 7 g
‘95 §§§ W rrrrves, .
o4 §.:f\é =
=

7 —
INVENTOR
BY
. 7l
ATTORNEY




Jan. 3, 1939. J. R. GASTON 2,142,188

PROTECTIVE BUSHING FOR ELECTRICAL APPARATUS

Filed Dec. 2, 1936 6 Sheets—-Sheet 2

- , .
¢ 2975 &Z?/%ﬂ
Ay é‘ 35 Y
//' ,//// / ¥ I,, 4
’ tH SrS s
=2 Z /

R

‘ /
rnsulatiore —

VALY, ¥ =
2 :

65
4N

47
86 RN
SN

T \
ﬁs«/é fore

<

<

Il\\,\

I3
7”5#/0/.’7/?/"1 i ¢

SN\ B 7
a7 ATTORNE




Jan. 3, 1939.

PROTECTIVE

Filed Dec. 2, 1936

J. R. GASTON
BUSHING FOR ELECTRIGAL APPARATUS

2,142,188

6 Sheets—Sheet 3

80 39 47 49 ensudiior

100 SR GE AUGR R BN AL

|
AN
\ ImeAEas
7N :
Vs / -tt
s ]
7/ NI t
l A
LV
77 7777 T ﬂz 751l HT?
A // s, o7 o
727 0 6 % 20\
////// & ons ?'\_47, § //////// 1
o / g s v
”// /// //// 1 TT ////// i Wj& 4é
7 7 / Y // // (1] )
IRl e sl NI
// / ﬁ/ A 7 A UM .
gj // /,/ % i 74 // //,
7 vy 7%
6 :’///’ == /4 = v,
s //,// 7 lhr,/‘ 7 // // 111 46
Ve 7
///////,/ 45 | ///////
N s & | 5/
Y , 7S
7 =il il
4 /// ’///, 69 B ' ’///// -LL’
4 /i oF INVENTOR 2
7 3 < -
/7//,/,// 1 7 %ﬁhﬂ.é’a D72
S Q/
<.’ 72 / 3 BY ﬁ‘-\ &7:\, . .
74 ATTORNEY




2,142,188

6 Sheets—Sheei 4

\!\\\ =

e

N
\ %;____, ______ _.
&W &MMW”\\EWJE_\

\\\\@\\\\\\_____

INVENTOR

dZ%%vz Jéztga&:;zzi%

ATTORNEY

BY

J. R. GASTON

Jan. 3, 1939,

PROTECTIVE BUSHING FOR ELECTRICAL APPARATUS

1936

2,

Filed Dec.

st /&77(71’2

7

7




Jan. 3, 1939. J. R. GASTON 2,142,188

PROTECTIVE BUSHING FOR ELECTRICAL APPARATUS

Filed Dec. 2, 1936 6 Sheets—Shget 5.
47
# (59 34 40 4L 39
. y // . / - //7 /‘/ 77 . /

. - 7 : d y v ive
, nnwaﬂéé %?Z % g é/i }QZ | /lvmméf%
- 14 2/

/ / o /’ 7, / '
97 %/ Z ; 1 %% ;
e D/ AN (= ) s
)l A7) i /
4 Z "n‘ (4\\\\\1\\ | _x\\\\\{<\\/\(~/< / 4.4 N \,\/\\\/\\\\\/\4\\\\\ [y ; ////;””4 ! j
/////I/ NI — 72745025 o munnEm HY | | o 777772222 ’"0 4
A S R I W AL,
“ g Al el lr 20/ |
749 %: !‘» Rl nl\\ | RS ‘IFTI'§' // g S\\\\\\\\\ I;ZIM 94
e Nl V) 77 zE7 oy 7
RA & ! ANV & 7R e\ A NN d
z \?g by II/E% ol ) :M/\ %
% il e e 77
A5 R | 7% et LoV
W//» ey | e RN N il YLSs - N7 AN
7 Nl NN il ——
. i - ez
e 72 Ve
. \g%%%f%vﬂ
RSt = 7
6270 |.-|w‘[ %3
Ml AN S
7 67 =
= Vo >—
= : —_——
m
T .. R
- </73 aﬂ&ﬁn .. ,ﬂ_%? 5
wmsuletiors =20 LYUMY & Nﬁ:z;‘;sia
a/?m4z\ / / | A58 ,// 1\ > 77 /4”/
45 —-\\\x\\\\ \\\\7 47/ ) I _ 43
i \\\-///M g /" o j‘ ’ %f%
I‘ILE'/ G a r
;%/\;/ g/ // / g, /?9;%
§¢3%§ Wy
VAN SN
////& &7
NN

INVENTOR
Tokre 7. é’aa Soe

. 5&@{2{7

ATTORNEY




Jan. 3, 1939. J. R. GASTON | 2,142,188
PROTECTIVE BUSHING FOR ELECTRICAL APPARATUS

Filed Dec. 2, 1936 6 Sheets-Sheet 6

trisulAFiorn ] / ;;7‘7“’ ot
2 A g
Z?f ; %, 4
3 N4
4 E§r o
P § N N [ e
\ 3 Nl = Qs % ¥
sg ‘{\\\\\\\\lﬁ“” RN G
§ b IE!m' 5 S
gggﬂj \}%/‘//\ UL T, §?}/>// |\ Z// Il> == \é}////\‘
/R 7% n— =B\ 2 Z i —— = ‘\:,_m 4“"
27 Ny e W e
- Y R RS2 7
g'gég ” 35
&7 .
ZF - , =
35 40 Z{-fj g FI- / 791 g0
. ' ,1 7 it 3 =-'= # P
wwsutodiore %% %a i? gl‘ﬁ :7;754( Gl
. / #
45 4g vAQ'A //555: m% -: / ‘[ / P 42
=l NS == = 7,
4{/9 ”J&"Hi’ v i § YIII . 1.4
9‘92/ Ty W= € / : |y/,;=.::i A \96. 7;2‘9
s 4 - AN Iéﬁ - o
. 7 )4, ﬁ%\«-‘ N/ Iy Ewg % o ]
AL AN TERE I bl os
&5 %/k\/ i iy N2 /§/ | | 97
%7530 |y iy
P\ 7 VAN N A= G
A4 E\\L\//\«§fm\«%§ | 5
&7 e s O

INVENTOR,
Tolsre 7= g'c&s’(o'z‘z

BY
ATTORNEY




 Patented Jan. 3, 1939

UNITED STATES

2,142,188

PATENT OFFICE

2 142,188

PROTECTIVE BUSHING FOR ELECTRICAL
APPARATUS

John R. Gaston, East Orange, N. J., assignor to
American 'l‘ransformer Company, Newark, N. J.

Application December 2, 1936, Serial No, 113,793

32 Claims.

This invention relates to a protective bushing
for electrical apparatus, and is especially adapted
for use in connection with transformers, and
particularly those used in the high-tension dis-

5 tribution systems.

In the past, it has been the practice to install,
either in -the transformer or closely adjacent
thereto, a lightning arrester for each line wire,
and in many cases, also a fuse cut-out, the leads

10 being taken into the transformer through suit-
able separate insulators or bushings.

It is the principal object of my invention to
combine in one piece of apparatus, all of these
protective features, in addition to others, and I

15 'have chosen to combine these features into a new .

type of bushing through which current is con-
veyed to the transformer or other electrical ap-
paratus with which the bushing may be used.
By combining into one piece of apparatus, a
20 bushing, lightning arrester and distinctive type
of cut-out, I have reduced the overall initial cost
of such equipment, as well as the cost of instal-
lation and maintenance. )
These and other objects will be apparent to
25 one skilled in this art, on a reading of the speci-
fication, taken in connection with the annexed
drawings, wherein:

Figure 1 is a half-elevational and half-sec-
tional view through my improved form of pro-
tective bushing.

Pigure 2 is a part-sectional view, simllar to the
left hand side of Figure 1, but showing a modified
construction.

Figure 3 is a sectional view through the con-
" tacts used in the circuit breaker part of the
mechanism.

Pigure 4 is a sectional view on the line &—4 of
Figure 1.

Pigure 5 is a perspective view of one of the de-
tail pieces used in the apparatus.

PFigure 6 is a view on an enlarged scale, partly
in section and partly in elevation, of the lower
part of the device shown in Figure 1.

45 Flgure 7 is a view on the line T—7 of Figure 6.
Figure 8 is a view similar to Figure 6, but taken
at right angles thereto.
Figure 9 is a view on the line 9—9 of Figure 8.
Figure 10 is an elevational view, on a reduced
50 scale, of the bushing, showing it installed in a
transformer casing, with means for resetting
the circuit breaker part of the bushing.
Figure 11 is an interior view of the two portions
forming the cap, with one of the arrester gap
55 parts in assembled position therein.
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Figure 12 is a plan view of one of the arrester
elements.

Figure 13 is an elevational view of the circuit
breaker mechamsm'mounted within the interior
of the bushing.

Figure 14 is a view on the line 14—I4 of Fig-
ure 13.

Figure 15 is a plan view looking down on the
top of the thermostat, with the tubular movable
member associated therewith. 10

Figure 16 is a part-sectional and part-eleva-
tional view through the contact and assembly
cylinder shown next to the interior lower portion
of the insulator of the bottom part of Figure 1.

Figure 17 is a perspective view of the two types 15
of control pawls used for controlling the circuit
breaker.

Figure 18 is a view of certain of the circuit
breaker parts after the breaker has been tripped,
and with certain of the moving parts at substan- 20
tially their lowermost pcsition.,

Figure 19 is a view similar to Figure 18, but
at right angles thereto.

Figure 20 is a view of the parts shown in Figure .
18, but during the operation of resetting the 25
circuit breaker.

Figure 21 is a view at right angles to Figure 20,
but at a further point in the cycle of the reset-
ting operation. :

Figure 22 is a view similar to Figure 20, but 30
with two of the control pawls moved to normal
lock position, and just before the armature drops
into position to lock the pawls in the position as
shown in Figure 6.

Figure 23 is a view similar to Figure 22, but 33
taken at right angles thereto, showing the posi-
tion of the other set of control pawls in manual
trip position,

Figure 24 is a view after the armature has
dropped to the pawl-locking or trigger position 40
of Figure 6, and with the plunger and thermo-
stat device carried on the plunger in the act of
moving downwardly to the position of Figure 1.

Figure 25 is & view similar to Figure 24, but at
right angles thereto. 45

Referring now to the drawings, wherein like
numbers refer to corresponding parts in the
various views, I is an insulator of suitable ma-
terial, such as porcelain or quartz, having a
skirt 2. The insulator 1 is seated in the upper 59
part 3 of a metallic connector. This union may
be accomplished in any one of a number of ways,
but the union is preferably enhanced by a se-
ries of cooperative indentations 4. The lower
part § of the metallic connector carries an in- g5
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- sulator 6 which may or may not be similar to |

10

15

20

25

as to kind of material, but it should be strong and
of good insulating qualities. The connector is
provided with a flange T for mounting the bush-
ing in a part of the transformer casing, such as
the cover 8.

A metallic cap, having a flange portion 9, is
attached to the upper end of the insulator |
through the medium of a cementitious material
i0 which engages indentations or corrugations
{{ on the insulator §. The cover portion {2 of
the cap may be fastened to the flange portion
9 in any satisfactory manner as by set screws 3.
The cover portion 12 has a projection or stem 14
with a notch 15 therein to receive a line conduc-
tor 16 which may be held in the notch {5 by a
set screw 17.

Mounted within the inner part of the cap is an
annular metallic spark gap member {8, the same
being held to the cover 12 by a plurality of screws
I8, and having an annular spark gap edge 20.
Within the central space within the member {8
is mounted a spring 21 which presses a circuit
contact member 22, having an annular flange
23, into contact with an annular seat 24 formed

“in the member 8. To carry the current from

30

the conductor 16 and cover {2 to the contact 22,
a flexible conductor 25 is used, the same being
attached to the respective parts in any satisfac-
tory manner as by screws 26.

Positioned on the lower part of the annular
seat 24, is a cylindrical insulator 27, and be-

" tween this insulator and the interior surface of
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the insulator I, is a mass of finely divided high-
resistance material 28, such as carborundum,
which is held in place at the top by a flanged
metallic washer 29. An annular ring 95 of in-
sulating material, similar to that of the tube 27,
is positioned between the tube 27 and the con-
nection on the interiorly projecting part of the
flange 1. Positioned on the washer 29, is an an-
nular insulator 36 which in turn supports an an-
nular double-contact spark gap member 31, one
of the sap edges 32 being positioned to cooper-
ate with the gap edge 20, while the other gap
edge 33 cooperates with the metallic washer 29
to give a double-series air gap. The members 18
and 31 are separated by an insulator 34. Since
the material 28 is positioned on the surface of
the connector 1, this in turn is connected to the
casing of the transformer, which is usually
grounded, and the interior lightning arrester cir-
cuit will be from the cover 12 of the member I8
through the gaps 2032, 33—29, through the
material 28, to ground.

‘Positioned within the insulator 6 is another
insulator 35 of strong material, such as fiber,
having an annular flange 36 interlocking with an
annular flange 37 on the insulator 27. Resting
against the flange 37, is the bottom part 38 of a
double-cylindrical core member of magnetic
material, and positioned between the inner cyl-
inder 39 thereof, and the outer cylinder 48, is an
electro-magnetic winding 41. As will be seen
from Figure 1, the end of the core cylinder 39 is
shorter or does not extend downwardly as far
as the cylindrical core portion 49 which has a
flange 42 which overiaps and engages the end of
the insulator 35.

Positioned below the flange 42, is a tlux-gath-
ering washer or member 43 of magnetic material
such as steel.
lar ring 44 of non-magnetic material which is
fastened to the flange 42 through the washer or
n.ember 43 by screws 45. Preferably integral

Below the member 43 is an annu- -
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with the ring 44, and depending therefrom, are
a plurality of sets of arms 46 and 47. The set of
arms 46 supports pawls 48, while the arms 47
support the type of pawl shown at 49 in Figure 17.

Passing through the inner core member 39 and
through the cylindrical insulator 21, is a plunger
50, on the upper end of which is carried a contact
member 51 of suitable contact material such as
copper, to cooperate with the contact 22. Sur-
rounding the upper end of the plunger 50, is a
spring 52 which, when the plunger is in the closed
position shown in Figure 1, tends to urge the
plunger downwardly to separate the contacts 51
and 22. The spring 52 is seated in any satis-
factory marner in the contact 51 and anchored
thereto, and on a seat 53 located on the upper
end of the core of the electro-magnet and also
anchored thereto. The electro-magnet, it may
be noted-in passing, has the external cylindrical
portion slotted at 54, and the internal cylinder
slotted at 55 to prevent eddy currents being set
up in the core. If desired, a guide collar 56 may
be used in the position indicated to provide a
central bearing for the plunger 50. '

Loosely mounted on the plunger 58, is an arma-
ture 57 in the form of a cylinder having an annu-
lar flange 58 which extends outwardly, to be en-
gaged by the ends 59 of the pawls 48, to hold
them in what I term set or trigger position.

Fastened to the plunger or shaft 50, below the

armature 57, in any satisfactory manner as by
screw-threads 68, and a screw 61, is a collar 62
having a flange 63 extending away from the
plunger into engagement with the ends 64 of the
pawls 48 pivoted at 65 to their respective arms
41, all as more clearly shown in Figure 6.

Fastened to the bottom of the plunger 50,
through the medium of a collar 66, is a thermo-
static device 671. Passing through the hollow
center of the thermostat 67, is a tubular mem-
ber 68 having an annular disc 69 fastened there-
to. To the disc 69 is attached, as by means of
screws 10, a pair of arms 11 made of suitable
resilient material. The arms T{ pass upwardly
through slots 712 in the flange 63 of the collar
62 into engagement with notches in the pawls 48
for the purposes which will be hereinafter de-
scribed.

The lower end of the tube 68 terminates in
arcuate fingers 13 which are adapted to be fas-
tened to a disc 74, the bottom of which is adapt-
ed to be engaged by the end 15 of a lever 76,
either insulated or of insulating material, piv-
oted at 1T to an arm or bracket 18 carried by
the cover 8 or some other part of the casing of
the apparatus. Acting on the end 19°of the lever
16, is a2 cam member 80 adapted to be moved in
the direction of the arrow to cause the-lever 16 to
push the tubular member 68 upwardly to either
open or close the circuit breaker, as will be later
explained. In the showing of Figure 10, the
bracket 18 and lever 16 are not shown in the
exact proper position, because of lack of space
on the drawings. It will alsc be noted that the
cam 80 is mounted to be rotated by a rod extend-
ing without the casing through an arc of 180°, s¢
that it will pass clear of the end 19 of tne lever
76. Where a bushing is used in connection with
‘a transformer mounted on the pole, the rod for
operating the cam 80 may be rotated by a lever
operated from the ground by a hook-pole,

Within the lower portion of the insulator 6, is a
metaliic collar 8! (see Figure 16) which acts to
hold the unit of Figure 13 in place within the
bushing. This is accomplished through the me-

[54]
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dium of the flange 82 being pushed against the
washer 83 by the flange nut 84 engaging a
threaded ring 85 fastened to the lower part of
the insulator through cementitious material 86 in
a manner similar to that of holding the member
9 to the insulator .

One end of the coil or winding 41 is fastened
by a flexible conductor to the shaft or plunger 50,
or to a clip 87 fastened to the flange 63 of the
collar 62. The other end of the winding &1 is
fastened by a flexible lead to the cylindrical
bushing 81, which is preferably of copper, and
the exterior connection may be made to the ring
84 through a terminal 88. The connections to
the shaft or plunger 50 and to the collar 81 are,
for the purpose of clarity, not shown, but from
what has been said, it will be clear that a circuit
through the circuit breaker portion of the bush-
ing will be from the cover 12 through the flex-
ible connector 25 to the breaker contact 22, to
contact 51, through the plunger 58 and flexible
lead therefrom, to the winding 41 and through
the winding and other flexible lead to the bush-
ing. 81 and ring 84, to the terminal 88. It will
also be seen that the circuit through the breaker
mechanism is in shunt.or parallel with the light-
ning arrester circuit first described.

There is also a second arrester circuit which is
provided to take care of excessive surges which
may come to the apparatus by way of the con-
ductor 186, and this path is from the cap at the
top of the arrester , over the skirt 2, to the con-
nector 3 which is grounded. 'This auxillary ar-
rester circuit is brought into action by reason
of the high-resistance material 28 which, under
surge conditions, becomes ionized and a more or
less good conductor. The resistance of this ma-
terial will, however, never reach zero, and con-
sequently, if the surge currents are excessively
high, the voltage built up across this resistance
material may tend to destroy the arrester and
puncture the tube 21. To prevent this, the ex-
terfor parts are so arranged that this extraor-
dinary surge, which might bring about the con-
dition stated, will flash over the insulator I as
mentioned, this flash-over voltage being less by
a safe margin than the voltage required to punc-
ture the insulator 21. ’

In certain cases, where the voltage on the line
requires a rather long insulator f, and possi-
bly a plurality of skirts 2, it may be desirable to
furnish extension pieces attached to the cap 9
and the connector 3 to thereby provide an ex-
ternal gap to coordinate the interior and ex-
terior conditions under which the bushing is re-
quired to function,

. 'The operation of the circuit breaker part of my
protective bushing is depicted in Figures 18 to
25 inclusive, but before describing this operation,
it may be said that the circuit breaker may be
tripped in any one of the following three ways:

First, it may be tripped magnetically by the

armature 57 by a predetermined overload.

Second, it may be tripped by the thermostat 67 °

on a predetermined rise of temperature within
the apparatus, and when using a transformer,
the thermostat 67 is preferably positioned with-
in the oil and therefore acted on by the rise in
temperature of the oil.

Third, it may be tripped mechanically as here-
tofore indicated. .

It will be clear, by reference to Figures 1 and 6,
that the plunger 50 is held in circuit-closing po-
sition by reason of the flange 63 being held on
the ends 64 of the pawls 49, and these cannot

3

be released until the armature 57 has been drawn
upwardly by the electro-magnet 41. In case of
an overload, the armature 5T will be attracted

and the pawls will be released, and, due.to the’

effect of the spring 52 and the weight of the
plunger and parts attached thereto, it will move
rapidly downward, as indicated in Figures 18
and 19, where the plunger and associated parts
are shown in substantially their lowermost posi-
tion.

While the pawls 49 are, when released, in the

position shown in Figure 18, the pawls 48 are in

the position shown in Figure 19, but it will be
noted that the heels of both sets of pawls are
prevented from contacting with the tubular
member 8/ by a tubular insulator 94 which has
a flange positioned between the end of the tubular
member 81 and the member 44,

To close the circuit breaker mechanism, the
lever 16 is actuated, as has been described, and
the end of the lever engaging below the disc T4,
moves the tubular member 68 upwardly so that
the resilient arms 71 engage in steps or notches
83 of the pawls 48. At the same time, the disc
14 engages the collar 66, whereby the plunger
with the thermostat is moved upwardly and the
pawls 48 are lifted from the position of Figure
19 to the position of Pigure 21. At the same
time, the pawls 49, positioned in a plane at right
angles to the pawls 48, are moved from the po-
sition of Figure 18 to that of Figure 20.

As the upward movement of the plunger is
continued, the parts reach the position shown in
Figures 22 and 23, at which time the spring
fingers T4 are about ready to drop into steps or
notches 90 and the ends 59 of the pawls 49 are
moved clear from the peripheral edge. of the
flange 58 of the armature. Directly thereafter,
provided there is no overload on the line, the
armature will drop to the position shown in
Figure 24, it being understood that the plunger,
after being pushed upwardly against the tension
of the contact 22 and spring 21, will have a short
downward movement. '

When the contact 51 engages the contact 22,
the upward movement of the plunger 58 tends to

raise the contact 22 from its seat against the.

tension of the springs 21i.

On releasing the lever 16, the tubular member
68 will carry the spring fingers 1i downwardly,
moving them from the notches 89 to notches 90,
thereby holding the pawls 48 continuously
against the armature as shown in Figures 25
and 8.

If, for any reason, the heat from the interior
of the apparatus is sufficient to operate the
thermostat &7, this will expand and lift, through
the medium of the disc 69, the tubular or sleeve
member 68, so that the fingers Tt will lift the
pawls 48 to push the armature upwardly, whereby
the trigger pawls 49 are released from engage-
ment with the peripheral edge of the flange 58 of
the armature. Since, as has been explained, ihe

tension of the spring 52 and the weight of the’

plunger is resting on the ends 64 of the pawls 49,
they will trip and release the plunger. The re-
setting operation is the same as before.

Should it be necessary to trip the ecircuit
breaker manually, the lever 16 is caused to act
on the flange 74 of the tubular member 68, there-
by pushing it upwardly-so that the spring fingers

- T1, which are normally in the notches 90 of pawls

48, move these pawls upwardly to a position such
as shown in Figure 23, which lifts the armature
§7 and its flange 58 upwardly beyond the ends
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89 of the pawls 49, thereby releasing the trip
pawls 49, which will open the circuit breaker as
has heretofore been described.

This manual trip action just described is
slightly different from the thermostatic action in
which the expansion of the thermostat 67 lifts
the tubular member 68 so that the spring fingers
11 on the flange 69 act on the pawls 48 in the
same manner as for the manual trip operation.

The collar 69 in this thermostatic trip is always’

against the top of the thermostat 67, and in
order to prevent undue expansion of the thermo-
stat, the collar 69 will finally come into engage-
ment with the lower end of the collar 62, which
thereby acts as a stop-protecting device for the
thermostat.

From what has been said, it will be understcod
that the circuit breaker will not stay in closed
position if an overload exists in the apparatus, or
if the temperature of the apparatus is above the
limit to which the thermostat 67 is adjusted.

The bushing thus acts as a bushing to convey
current to the apparatus and also as a circuit
breaker to eliminate the replacement of fuses,
and as a lightning arrester to protect the appa-
ratus.

It will be obvious that many changes may be .

made in the details entering into the construc-
tion of my new form of protective bushing. For
example, while I have shown two interior series
gaps, only one may be used, or r-ore than two

‘may be used. Likewise, as shown in Figure 2,

the ceramic type of insulator 6 may be replaced
with an insulator 91 of some other type of mate-
rial which may be threaded at 92 to engage cor-
responding threads on the lower part § of the
conductor, and threaded at 93 to engage cooper-
ative threads on the flanged nut 84.

Also, while I have specified a finely divided
high-resistance material 28 for part of the light-
ning arrester, it is within the purview of my in-
vention to use a hermetically sealed chamber
with a suitable gas therein which, with the co-
operating parts, will have properties similar to
the material 28. Furthermore, while I have
shown one skirt 2 on the insulator I, a plurality
of skirts may be used. In addition, while I have
shown a manually operated lever 16 for resetting
the circuit breaker, I may use an automatic
device for this purpose.

Other and further changes in the details will

be apparent to one skilled in this art, and there-
fore, in the interpretation of the claims, I do
not wish to be undu]y limited in the scope
thereof.

What I claim is:

1. A bushing for making a connection from a

power line to an electrical apparatus such as a

transformer, including a portion of insulating
material for projection within the said apparatus
and a portion of insulating material located ex-
teriorly of the apparatus with means comprising
a metallic sleeve for joining said portions, means
at the other end of said exterior portion for at-
taching a lead-in conductor thereto, lightning
arrester parts comprising fixed and variable gaps
arranged in series and circuit breaker contacts
all housed in cooperative relation within the ex-
terior portion, an electro-magnet located within
the interior projecting portion, a plunger passing
through the magnet into the exterior portion for
operating said breaker contacts, said breaker
contacts, plunger and magnet being connected
g0 as to form a normally closed circuit through

‘*he bushing from said lead-in conductor one
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side of the arrester being electrically connected
to said conductor, a thermostat device responsive
to rise in temperature within the apparatus on
which the bushing is used for tripping the cir-
cuit breaker, said thermostat device being car-
ried on the lower end of said plunger at the free
end of said interior part, an armature for said
magnet, a spring for moving the plunger to cpen
position, and devices cooperating with the plung-
er and armature for controlling the movement of
said plunger. -

2. A protective bushing as defined in claim 1,
further characterized in. that manual means are
provided for tripping the plunger to separate said
breaker contacts and to reset the plunger to close
the contacts.

3. A protective bushing as defined in claim 1,
further characterized in that manual means are
located on and at the lower end of the plunger
for acting on said cooperating devices to trip the
‘plunger and reset the same to circuit- closed po-
sition.

4, A protective bushing as defined in claim 1,
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characterized in that one of said contacts is car- .

ried on the upper end of the plunger while the
other contact is resiliently held in longitudinal
adjustment with the plunger contact, with means
for conveying current to the said resiliently
mounted contact. |

5. A protective bushing as defined in c1a1m 1,
characterized in that .the said exterior portion
includes a hollow insulator having a circumfer-
ential skirt intermediate its ends, a metallic cap
carried on the outer end of the insulator and
having means for attaching a current conductor
thereto and carrying one of the circuit breaker
contacts, a tubular insulator surrounding and
spaced from the plunger and the inner wall of

. the first insulator and extending longitudinally

of the plunger, said spring being located around
the plunger within the tubular insulator, one of
the lightning arrester gap parts being circular in
shape and carried by and within the cap; a sec-
ond circularly shaped gap part mounted in
spaced relation to the first gap part, and a mass
of finely divided high-resistance material located
radially between the two first-mentioned insu-
lators and axially between the second-mentioned
gap part and a grounded member of the bushing.

6. A protective bushing as defined in claim 1,
characterized in that the said exterior portion
includes a hollow insulator having a circumfer-
ential skirt intermediate its.ends, a metallic cap
carried on the cuter end of the insulator and
having means for attaching a current conductor
thereto, a fubular insulator surrounding and
spaced from the plunger and the inner wall of
the first insulator and extending longitudinally
of the plunger, said spring beinhg located around
‘the plunger within the fubular insulator, one of
the lightning arrester gap parts being circular
in shape and carried by and within the cap, said
arrester gap part having an interiorly projecting
flange for supporting one cf said circuit breaker
contacts, a spring housed within said arrester
part and acting against said contact, a second
circularly shaped gap part positioned around the
upper end of said second-mentioned insulator
and in spaced relation to the first-mentioned
gap, and a mass of finely divided high-resistance
material located radially between the two first-
mentioned insulators and axially between the
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second-mentioned gap part and a grounded

member of the bushing.
7. A protective bushing as defined in claim 1,
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characterized in that the magnet core includes
a pair of spaced cylindrically shaped members
of magnetic material joined at the end adjacent
the union with said exterior portion with the
winding of -the electro-magnet between said
spaced members.

8. A protective bushing as defined in claim 1,
characterized in that the magnet core includes
a pair of spaced cylindrically shaped members
of magnetic material joined at the end adjacent
the union with said exterior portion with the
winding of the electro-magnet between said
spaced members, the walls of said members be-
ing preferably slotted for the purpose described,
and arms projecting downwardly adjacent the
lower end of the electro-magnet for supporting
said control devices. '

9. A protective bushing as defined in claim 1,
characterized in that said magnet armature is
slidably located on said plunger and said con-
trol devices comprise at least two sets of pawls
arcuately disposed about the plunger, one set be-
ing normally held in trigger-acting position to
release the plunger on actuation of said arma-
ture by the magnet, and the other set adapted
to be operated at least by the thermostat device
to move the armature from its trigger-holding
position with respect to said first-mentioned set
of pawls. : S

10. A protective bushing as defined in claim 1,
characterized in that said magnet armature is
slidably located on said plunger and said con-
trol devices comprise at least two sets of pawls
arcuately disposed about the plunger, one set
being normally held in trigger-acting position to
release the plunger on actuation of said arma-
ture by the magnet, and the other set adsapted
to be operated by the thermostat device as well
as by manually operated means to move the
armature from its trigger-holding position with
respect to said first-mentioned set of pawls.

11. A protective bushing as defined in claim 1,
characterized in that the magnet core includes
a pair of spaced cylindrically shaped members

- of magnetic material joined at the end adjacent

the union with said exterior portion with the
winding of the electro-magnet between said
spaced members, the outer magnet core mem-
ber extending dewnwardly farther than the in-
ner core member, while the armature comprises
a flanged cylinder fitting over the plunger be-
low the inner core member, and the flange of
the cylinder extends over but below the end of
the outer core member.

12, A protective bushing as defined in claim 1,
characterized in that the magnet core includes
a pair of spaced cylindrically shaped members
of magnetic material joined at the end adja-
cent the union with said exterior portion with

" the winding of the electro-magnet between said

spaced members, the outer magnet core mem-
ber extending downwardly farther than the in-
ner core member, while the armature comprises
a flanged cylinder fitting over the plunger be-

“low the inner core member, and the flange of

the cylinder extonds over but below the end of
the outer core member, and further character-
ized in that two sets of pawls are arcuately dis-
posed about the plunger, one set having one set
of their ends resting against the periphery of the
armature flange when the plunger is in contact-
closing position, while the other parts of said
pawls hold the plunger in circuit-closing posi-
tion, and the other set of pawls adapted to be
operated at least by the thermostat device to
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move the armature so the flange thereof is moved
out of holding engagement with said pawl ends
whereby the plunger is released to open the cir-
cuit through the bushing.

13. A protective bushing as defined in claim 1,
characterized in that the magnet core includes
a pair of spaced cylindrically shaped memibers
of magnetic material joined at the end adja-
cent the union with said exterior portion with
the winding of the electro-magnet between said
spaced members, the outer magnet core mem-
ber extending downwardly farther than the in-
ner core member, while the armature comprises
a flanged cylinder fitting over the plunger below
the inner core member, and the flange of the
cylinder extends over but below the end of the
outer core member, and further characterized in
that two sets of pawls are arcuately disposed
about the plunger, one set having one set of
their ends resting against the periphery of the
armature flange when the plunger is in contact-
closing position, while the other parts of said
pawls hold the plunger in circuit-closing position,
and plural means, each individually actuatable,
for moving the armature so the flange thereof is
moved out of holding engagement with said pawl
ends whereby the plunger is released to open the
circuit through the bushing.

14. A bushing for an electrical apparatus in-
cluding, in combination, a casing having parts
adapted to extend exteriorly and interiorly of the
apparatus, and comprising in part an insulator
having a skirt and lightning arrester parts, in-
cluding an open gap and a series high-resistance,
and circuit breaker contacts positioned in the
exteriorly projecting end of the casing, one of said
contacts being electrically connected to an ar-
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rester part with means for connecting an out- -

side circuit wire to one of said contacts and said
arrester part, an electro-magnet connected in se-
ries with said contacts, and an armature there-
for with means for controlling the operation of
the armature located in the interiorly projecting
end of the casing, and a spring-actuated plunger
positioned in both of said parts and carrying one
of said breaker contacts and controlled by de-
vices associated with said armature.

15. A bushing for an electrical apparatus as
defined in claim 14, further characterized in that
the exteriorly projecting part of the ‘bushing ter-
minates in a metal cap to which the outside cir-
cuit wire is attached, and carrying an arrester
gap part and one of said breaker contacts in
resiliently mounted relation to the other breaker
contact, the cooperating open gap part being
electrically connected to said series resistance.

16. A bushing for an electrical apparatus as
defined in claim 14, further characterized in that
the exteriorly projecting part of the bushing ter-
minates in a metal cap to which the outside cir-
cuit wire is attached, and carrying an arrester
gap part and one of said breaker contacts in
resiliently mounted relation to the other breaker
contact, the cooperating open gap part being
electrically connected to said serles resistance,
sald exteriorly and interiorly projecting parts
being joined by a metallic connector adapted to
be grou ded, the end of the series resistance be-
ing electrically joined with said connector.

17. A bushing for an electrical apparatus as
defined in claim 14, further characterized in that
the exteriorly projecting part of the bushing ter~
minates in a metal cap to which the outside cir-
cuit wire is attached, and carrying an arrester
gap part and one of said breaker contacts in
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resiliently mounted relation to the other breaker
contact, the cooperating open gap part being
electrically connected to said series resistance,
said exteriorly and interiorly projecting parts
being joined by a metallic connector adapted to
be grounded, the end of the series resistance be-
ing electrically joined with said connector, and
further characterized in that an emergency
surge discharge gap is formed between the top
metal cap and the metal connector over said skirt.

18. A bushing for an electrical apparatus as
defined in claim 14, further characterized in that
a thermostatic device carried on the end of the
plunger and manually operated means mount-
ed to act on the lower end of the plunger
are provided for opening the circuit breaker con-
tacts. :

19. A bushing for an electrical apparatus as
defined in claim 14, further characterized in that
a thermostatic device carried on the end of the

- plunger and manually operated means mounted
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to act on the lower end of the plunger are pro-
vided for opening the circuit breaker contacts,
said manually operated means also being used to
move the plunger to close said contacts.

20. A bushing for a primary lead to an enclosed

transformer including an exterior part and a
part extending within the transformer casing,
said parts being joinel by a metallic connector
fastened to a part of the transformer casing, a
metal cap on the exterior part for attaching said
primary lead, an open air gap housed within the
confined of the cap, one of said gap parts being
connected in series, through a normally high re-
sistance, with said connector forming an ar-
rester, circuit breaker contacts, one of which is
resiliently mounted and electrically connected to
said cap, and an electro-magnetic winding con-
nected in series-parallel with said arrester, a
plunger carrying one of said breaker contacts, a
spring for moving the plunger to open position,
an armature actuated by said winding, and de-
vices cooperating with said armature for re-
leasing the plunger, and means for restoring the
plunger to circuit-closing position.
. 21. A protective bushing as set forth in claim
20, further characterized in that said plunger
carries a thermostat which, under certain con-
ditions of operation, acts on said cooperating
devices to trip the plunger. _

22. A protective bushing as set forth in claim
20, further characterized in that said plunger
carries a thermostat which, under certain con-
ditions of operation, acts on said cooperating de-
vices to trip the plunger, and manually operated

-means for tripping the plunger or restoring it.

23. A protective bushing as set forth in claim
20, further characterized in that said cap is car-

ried on the end of an insulator having a skirt.

disposed between the cap and connector which
are disposed to form an external emergency surge
gap.

24. A protective bushing for a transformer
having a housing, including a casing composed
of insulators joined by a metallic connector for
mounting the bushing in the transformer. hous-
ing, with metallic caps at both ends; one cap
acting as a receiver for a current conductor and
for parts of a lightning arrester, other lightning
arrester parts and an electro-magnetic circuit
breaker having a contact connected to said re-
ceiver cap and a cooperating contact connected
to a movable member controlled at least in part
by said electro-magnet all housed within the cas-
ing, and a plurality of means. within the cas-
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ing for tripping the circuit breaker, and means
for resetting the breaker.

25. A protective bushing for a transformer hav-
ing a housing, including a casing composed of in-
sulators joined by a metallic connector for
mounting the bushing in the transformer hous-
ing, with metallic caps at both ends; one acting
at least as a receiver for a current conductor, a
lightning arrester and a circuit breaker including
a part connected to said receiver cap and all
housed within the casing, and a plurality of
means within the casing for tripping the circuit
breaker, and means for resetting the breaker, said
tripping means including an-armature and an
electro-magnet connected in series with the cir-
cuit breaker for operating said armature, devices
cooperating with said armature for controlling
the circuit breaker, and at least a further means
comprising a thermostat for operating said de-
vices to trip the circuit breaker.

26. A protective bushing for a primary lead en-
tering an electrical apparatus, including in com-
bination in the same casing, a lightning arrester,
and a circuit breaker electrically connected in
series with said lead but-in shunt to the arrester,
and provided with different means for electro-
magnetically, thermostatically or manually open-
ing the breaker, with means for restoring the
breaker to circuit-closed position.

27. A protective bushing for a primary lead en-
tering an electrical apparatus, including in com-
bination in the same casing, a lightning arrester
and an electro-magnetic circuit breaker having
its coil and contacts connected in series with the
lead but in shunt with the arrester, with means
for restoring the breaker after it has been opéened.

28. A protective bushing for a primary lead en-
tering an electrical apparatus, including in com-
bination in the same casing, a lightning arrester
separated in two parts electrically connected in
series, a normally fixed air gap and a variable
normally high-resistance gap, and an electro-
magnetic circuit breaker having its circuit parts
electrically connected in shunt to the arrester
parts but in series with said primary lead and
which can be opened by a plurality of means de-
pendent on current flow into the apparatus with
which the bushing is used, or on the heat gen-
erated from within the apparatus, and means
for restoring the breaker after it has been opened.

29. A protective bushing as set forth in claim
28, further characterized in that an auxiliary ex-
ternal arrester gap, in shunt to the interior gaps,

is provided to take care of excessive surges com--

ing to the bushing.

30. A protective bushing for the purposes de-
scribed, including at least a pair of insulators ar-
ranged-in tandem relation and connected by a
metallic connector which also serves as a mount-
ing means for the bushing so one insulator ex-
tends within the apparatus to be protected, while
the other insulator projects exteriorly thereof, an
arrester including parts mounted within the ex-

‘teriorly positioned insulator, means for connect-

ing a line wire to an arrester part, said metallic
connector acting as a ground for said arrester,
an auxiliary flash-over gap provided on the outer
surface of said exterior insulatcr in multipie with
said arrester, said metallic connector acting as
one terminal of the flash-over gap, and means for

transmitting working power current through the

bushing to the apparatus with which it is used.
31. A protective bushing as set forth in claim

30, further characterized in that a circuit breaker

having an electro-magnet is housed within and
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extends longitudinally of both said bushing in-
sulators, one contact of the circuit breaker being
electrically connected to the line side of the ar-
rester and all of the power current going through
the bushing being transmitted through the elec-
tro-magnet, and means located within said in-
teriorly extending insulator and actuated direct-
ly by the electro-magnet for tripping the circuit
breaker.

32. A protective bushing for the purposes de-
scribed, including at least & pair of insulators
arranged in tandem relation and connected by a
metallic connector which also serves as g mount-
ing means for the bushing so one insulator ex-
tends within the apparatus to be protected, while
the other insulator projects exteriorly thereof, a

4

line wire connector carried at one end of the in-
sulator assembly, a circuit breaker having an
electro-magnet and cooperative parts, including
a plunger, all housed within and extending lon-
gitudinally of both said bushing insulators, one

contact of the circuit breaker being electrically

connected to the line wire connector, while the
other cooperating contact is moved by the plung-
er, all of the power current going through the
bushing being transmitted through the contacts
and electro-magnet, and means located within
sald interlorly extending insulator and actuated
directly by the electro-magnet for tripping the
circuit breaker.
JOHN R. GASTON.
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